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Abstract 
 
An overview of the NPP Dukovany I&C 
refurbishment project is presented in this paper from 
the standpoint of both its management and technical 
aspects. Reasons for taking the decision to replace 
the original plant I&C system are outlined and the 
objectives set for the refurbishment project are stated. 
The paper is focusing on describing more in detail 
the first part of the refurbishment, i.e. replacement of 
the I&C portions of the plant systems important to 
nuclear safety and the process information system. 
This includes the reactor trip system, engineered 
safety features actuation system, reactor power 
limitation system, reactor power control system, post-
accident monitoring system, reactor core monitoring 
system and unit data acquisition and processing 
system. Information is given on the main processes of 
the project, i.e. the bidding, design, manufacturing, 
installation and commissioning. Specific licensing 
process applied to this refurbishment project is also 
outlined. An account of the current status of the 
project implementation is given. 
 
 
Introduction 
 
NPP Dukovany is one of the two nuclear power 
plants operated by the Czech Republic electrical 
power utility CEZ. Its share is about one quarter of 
the CEZ power generation. Four units of VVER-
440/213 type are in operation at Dukovany NPP. The 
designer of the Nuclear Steam Supply System 
(NSSS) of those units was LOTEP Leningrad; the 
designer of the Balance of Plant (BOP) part was 
Energoprojekt Praha. The first unit went operational 
at the beginning of 1985. Commissioning of the other 
three units followed in the next two years. The plant 

reached its rated capacity at the end of 1987. The 
I&C equipment for NSSS was designed and delivered 
by the former Soviet Union. It is based on the state-
of-the art technology available in the Soviet Union at 
the end of sixties and at the beginning of seventies.  
The major part of the BOP instrumentation is of the 
Czechoslovak provenance manufactured by the local 
industries in the seventies. 
 
The record of 18 years of the plant operation is very 
good, both with respect to safety and economy 
performance. Effective surveillance program 
implemented over this period and several plant status 
assessments performed over the last decade 
substantiate projections for extended service time of 
the plant main components till the year 2025 as a 
minimum. This is far beyond the achievable lifetime 
of the plant I&C equipment. A detailed evaluation of 
the plant I&C system has been performed to provide 
a sound basis for a corporate level decision on how to 
solve this bottleneck in the potential for the extended 
plant operation.  
 
One of the first assessments was performed by the 
French company EdF and the English company NNC 
under the PHARE program project ENE/15. Each of 
these companies provided an independent 
deterministic evaluation of plant I&C system design 
and put forward technical recommendations how to 
eliminate the revealed shortcomings. In the second 
stage of this project the NNC developed a number of 
system level specifications for innovation and 
upgrading of the individual plant I&C systems. 
 
Technical audit of the whole plant provided another 
insight into the overall I&C system status. This audit 
was carried out in two stages. The first stage, the so-
called internal audit, was entirely the plant’s own 
effort. The individual plant systems and components, 
including the I&C system, were evaluated according 
to the following criteria: 
impact on nuclear safety (criterion C1), 
impact on plant availability (criterion C2),  
operation and maintenance costs (criterion C3), 
lifetime, maintainability (criterion C4), 
compliance with regulatory requirements (criterion 
C5). 

The probabilistic approach applied to evaluate the 
impact on nuclear safety (PSA level 1) did not show 
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any significant I&C shortcomings. Impact on 
availability was also not very pronounced, 
approximately 5% of production loss due to I&C 
failures. Operation and maintenance costs were 
considered acceptable because of low labor price. 
Significant problem, however, represented the 
lifetime and maintainability of the existing I&C 
equipment. Current stock of spare parts, especially 
for the NSSS instrumentation, was not sufficient even 
for the remaining portion of the design lifetime, 
while new spare parts were practically unavailable. 
Evaluation according to the last criterion, i.e. 
compliance with applicable regulatory requirements, 
identified areas where improvements were feasible. 
 
External audit performed by ENAC consortium in 
1994 - 1996 was primarily focused on safety aspects. 
Regarding the plant I&C equipment this audit 
resulted in the following recommendations for 
modifications:  

• complementing the information systems (for 
post-accident monitoring in the first place), 

• improvement of the control room’s man-
machine interface, 

• replacement of obsolete systems (safety 
classified systems in the first place), 

• improvement of mutual separation of the 
main and emergency control rooms, 

 
Operation of the I&C systems important to safety was 
also evaluated within the framework of ASSET 1993 
and 1996 inspections. Practically all events caused by 
I&C failures were evaluated as level INES-0. 
Relatively high number of such events was mainly 
due to high level of redundancy implemented in the 
I&C area. 
 
Still another evaluation of the I&C equipment was 
performed as a part of the qualification program 
launched by the plant.  
 
The main conclusions drawn from the results of both 
VVER-generic and NPP Dukovany-specific 
assessments were as follows:  

• there are no major safety concerns relating to 
plant I&C systems, 

• some aspects of the design do not reflect the 
best international practices, e.g. such as those 
of the IAEA safety guides,  

• there are several reasons for upgrading the 
plant I&C systems resulting from the 
consideration of the specific experience 
gained from the installed I&C systems 
operation and maintenance, the remaining 
lifetime of the employed I&C equipment, and 
the need for assurance of the plant I&C 
systems full-scale conformance to the 
internationally recognized safety standards.  

 
 
I&C refurbishment project - general 
 
The I&C refurbishment project is an integral part of 
the plant modernization program. This program was 
launched with the objective to ensure reliable and 
safe plant operation during the whole of its design 
lifetime and to establish the essential prerequisites 
for the plant lifetime extension.  
 
The current plant I&C system was divided into 5 
relatively independent modules. They are specified in 
the following table, which includes also ranking of 
those modules with respect to the priority of their 
refurbishment assigned on the basis of their 
evaluation against the criteria C1 through C5 stated 
in the section “Introduction”. 
 
Module 
No. Module components 

     Criteria 
C1/C2/C3/C4/C
5 

  
Priority

    
1 

Reactor trip, limitation, 
and control systems, 
engineered safety features 
actuation system, 
emergency load 
sequencer 

 
2/2/3/1/1 

 
1 

2 
Process computers incl. 
in-core measurement 
processing  

2-3/3/3/1/1 2 

3 
Logic/Modulating control 
systems of NSSS 2/3/3/1-2/1 3 

4 
Turbine and generator 
control and protection 
systems 

3/2/3/2/2 4 

5 
Logic/Modulating control 
systems of BOP 3/3/3/2/5 5 

  
In line with the results of this evaluation it was 
decided that a project for refurbishment of the 
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modules M1 and M2 would start first. This paper 
provides some basic information on the project 
feasibility study and the procurement, design, 
licensing, manufacturing, installation and 
commissioning processes implemented in this project 
so far. 
 
 
Modules M1 and M2 refurbishment project 
feasibility study 
 
The principals of the technical solutions to be 
implemented in the M1+M2 refurbishment set forth 
in the feasibility study were as follows: 

• complete replacement of the systems 
assigned to modules M1 and M2, 

• conservative approach by maintaining the 
current concept of protection and control as 
well as maintaining the majority of the 
current protection and control algorithms, 

• maintaining, as far as reasonable, the existing 
structure of the plant I&C, 

• dismantling of the existing equipment and 
installation of the new equipment during 
planned normal or extended outages.  

 
The reasons for such approach were as follows: 

• insufficient data of the current system’s 
design bases, 

• relatively good operational experience with 
the current system functions, 

• necessity to limit risks caused by the 
simultaneous replacement of equipment and 
functions 

• expected simplified licensing process. 
 
However, the solutions proposed in the feasibility 
study comprised also some significant changes with 
respect to the existing functions, systems and 
equipment. Examples of them are stated below: 

• digital computer based equipment is allowed 
to be used also in safety systems, 

• reactor trip functions and ESFAS functions 
will be implemented in one system, i.e. in the 
reactor protection system, and a common set 
of sensors will be used for them, 

• reactor trip functions will be separated from 
the reactor power limitation functions, 

• reactor trip redundancy will be organized in 
better separated three trains, 

• some functions of safety systems will be 
changed, e.g. detection of main steam header 
rupture, 

• post accident monitoring will be 
implemented as a separate safety system 

• computerized functions of the operator 
support will be significantly extended and the 
MMI will be improved, 

• technical level and quality of core monitoring 
will be significantly improved, 

• load on operators during first phase of 
emergency situation („30 minutes rule“) 
should be decreased. 

 
 
Modules M1 and M2 refurbishment project 
procurement process 
 
The M1+M2 replacement project was launched in 
June 1998 after the completion of the feasibility 
study and the approval of the business plan by the 
ČEZ Board of Directors. The Czech original designer 
of the plant BOP I&C, i.e. Energoprojekt Praha, was 
contracted for the development of a preliminary 
design to be used as a technical specification for the 
bidding documents. Two-stage bidding process was 
then started with pre-qualification in March 1999. 
Nine companies qualified, namely: ABB, 
Atomstroyexport, Foxboro, Framatome, Schneider 
Electric, Siemens, ŠKODA JS, ŠKODA Praha, 
Westinghouse. In June 1999, those companies were 
invited to submit preliminary bids for the first 
bidding stage. In October 1999, only five of them 
submitted the bids. After technical and commercial 
discussions with the bidders the second bidding stage 
started in January 2000. In March 2000 the final bids 
were submitted as follows: 
 
Foxboro  Tricon TMR / Triconex for 
M1 
   I/A Series / Foxboro for M2 

Framatome  Spinline3 / Schneider for M1 
   Alspa 8000-P320 / Ahlstom 
for M2 

ŠKODA JS  Spinline3 / Schneider for M1 
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   ZAT 2000 MP / ZAT Pribram 
for M2 

ŠKODA Praha Teleperm XS / Siemens for M1 
   Teleperm XP and Russian 
Hindukus for M2 

Westinghouse  AC160 / ABB for M1 
   Ovation / Westinghouse for  
M2 
 
After completion of the bids the evaluation process 
started. Only three bidders (Foxboro, ŠKODA JS, 
ŠKODA Praha) met all technical and commercial 
requirements. The bid of ŠKODA JS was evaluated 
as the best one and the contract was awarded to this 
company in the beginning of September 2000. As per 
the provisions of this contract, ŠKODA JS is in 
charge of general engineering and project 
management. Individual subcontracts have then been 
concluded between ŠKODA JS and: 

• Data Systems & Solutions and 
FRAMATOME ANP consortium for design 
and manufacturing of safety category A (as 
per IEC Standard 61226) systems, i.e. 
Reactor Protection System, Emergency Load 
Sequencer, Post-Accident Monitoring 
System, and safety category B (as per IEC 
Standard 61226) systems, i.e. Reactor 
Limitation System, Reactor Control System, 
and the non-trained Support Action System. 

• ZAT for safety category B (as per IEC 
Standard 61226) rod drive control system, 
safety category C (as per IEC Standard 
61226) Process Computer System and Steam 
Generator Protection System. 

• I&C Energo for site engineering and 
installation. 

 
 
Modules M1 and M2 refurbishment project 
design process 
 
The design process is divided into two phases: 

• the basic design phase, which is common to 
all the four units, 

• the detailed design phase, which is specific 
for each unit. 

 

The following groups of design criteria have been 
applied in the design of the refurbished I&C systems 
of the modules M1 and M2: 

• General criteria of design for safety as 
applicable to the safety category A, B, and C 
functions, systems and equipment (safety 
classification as per the IEC standard 61226 
is mandatory for the modules M1 and M2 
refurbishment project). 

• Project specific requirements set forth by 
SONS. 

• Requirements originating from the provisions 
of the national technical standards, corporate 
and plant directives, and the specific plant 
arrangements. 

 
The first group consists of: 

• the applicable provisions of the SONS 
regulation No. 195/1999 Coll. on the 
requirements for the assurance of nuclear 
safety, radiation protection and emergency 
preparedness in nuclear facilities, 

• the applicable provisions of the SONS 
regulation No. 214/1997 Coll. on quality 
assurance in activities relating to the uses of 
nuclear power and activities having a 
potential for causing irradiation and on 
specification of criteria for assignment of the 
selected equipment to safety classes, 

• the applicable provisions of the IAEA codes 
and safety guides relevant to the scope of the 
refurbishment project (examples of them are: 
Safety Series 50-C-D (rev.1), Safety Series 
50-SG-D1, 50-SG-D3, 50-SG-D8, 50-SG-
D11), 

• the applicable provisions of the IEC 
standards and ISO standards relevant to the 
scope of the refurbishment project (examples 
of them are: IEC 61226, 60880, 60880-2, 
60987, 60671, 60780, 60980, 61513, and ISO 
9000-3, 9001,12207), 

• the applicable provisions of the CSN EN 
standards addressing the issue of 
electromagnetic compatibility (e.g. CSN EN 
50 081-2, 50 082-2, 55 011, 55 022, 61 000-
2-4, 61 000-3-2), 

• the applicable provisions of the US NRC 
regulatory guides relevant to the scope of the 
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refurbishment project (e.g. RG 1.97, 1.152, 
1.153, 1.168, 1.169, 1.173), 

• the applicable provisions of the IEEE 
standards relevant to the scope of the 
refurbishment project (such as e.g. IEEE 603, 
7-4.3.2, 379, 352, 577, and the collection of 
software engineering standards). 

Compliance with the requirements of the SONS 
regulations is, of course, mandatory. Meeting of the 
requirements of the other above stated documents 
was specified by the Customer either as mandatory or 
the level of binding of those documents to the design 
was specified either as complementary or alternative 
to another documents of this group. 
 
The second group consists of the modules M1 and 
M2 refurbishment project specific requirements set 
forth by the SONS in the document “A set of SONS 
positions on selected aspects of the NPP Dukovany 
I&C systems renovation”. Those project specific 
regulatory authority requirements relate to the 
following areas: 

• Classification of the I&C systems important 
to safety. 

• Acceptability of the digital computer-based 
I&C systems important to safety. 

• Software development process for the I&C 
systems important to safety. 

• Verification and validation of the software 
for the I&C safety systems. 

• Defense against common cause failures in the 
software of safety systems. 

• Communications between subsystems of the 
digital computer-based I&C safety systems. 

• Testability of the digital computer-based I&C 
safety systems during reactor operation. 

• Compliance to the single failure criterion. 
• Equipment qualification. 
• Reliability. 

 
The third group consists of requirements derived 
from applicable provisions of the Czech Republic 
national technical standards (CSN standards) and the 
internal directives of CEZ and NPP Dukovany 
relating to occupational safety, fire protection, health 
protection, etc. It also includes the requirement for 
adapting the refurbished systems to the existing 
installations and interfacing them to systems not 
being modernized (the location and cabling of the 

existing systems needs to be considered). Numerical 
reliability targets such as probability of failure to 
perform an I&C function when demanded, and 
frequency of spurious I&C function carrying out as 
set by the NPP fall to this category as well as the 
requirements relating to individual I&C systems 
performance indicators such as response time and 
accuracy.  
 
A list of the module M1 old and new systems 
including their safety classification and the 
technology platform the new systems are based on is 
presented in Table 1. The same information regarding 
the module M2 is given in Table 2. The overall 
architecture of the refurbished portion on the plant 
I&C system is shown in Figure 1. More detailed 
architecture of one division of the refurbished 
module M1 is depicted in Fig.2. Fig.3 shows the 
internal structure of one division of the integrated 
Reactor Protection System (RPS). 
 
A brief description of the innovated module M1 
systems as designed by the contractor and its 
subcontractors is presented below. 
 
EX-CORE System 
The EX-CORE system is a six-fold redundant out-of-
core neutron flux measurement system composed of 
the following neutron flux detectors and the 
associated cabling and conditioning equipment: 
low-level detectors (proportional counters CPNB44), 
used for monitoring of the neutron flux during 
refueling and source range operation, 
high-level detectors (compensated ionization 
chambers CC83), used for monitoring of the neutron 
flux during the intermediate and power range 
operation.   
 
 
Reactor Protection System (RPS) 
The reactor trip functions (functions of the RTS, i.e. 
Reactor Trip System), engineered safety features 
actuation functions (functions of the ESFAS), and the 
trained support actions functions (the functions of 
system SAS, which ensure technological protection 
of the six steam generators) are implemented in this 
system. It is a three-fold redundant system, each 
division of which is composed of two parts: the 
Digital Instrumentation System (DIS) and the Digital 
Reactor Protection System (DRPS).  
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The principal functions of DIS are: 

• acquisition and digitization of the output 
signals from the field sensors, 

• processing of the acquired information 
including checking of the plant variable 
values against appropriate setpoints, 

• data transmission over the NERVIA safety 
networks to the DRPS and the Interface Data 
Management System (IDMS) for further 
processing and presentation in the control 
rooms. 

 
The principal functions of the DRPS are: 

• 2oo3 voting on the outputs from the three 
DIS divisions, 

• generation of control signals for automatic 
initiation of the reactor trip and the 
engineered safety features. 

 
To provide diversity as a means of defense against 
common cause failures due to faults in the RPS 
software two mutually diverse lines of protection 
(LoP A and LoP B) are implemented for all but one 
reactor trip functions. The outputs of each of those 
two lines in each of the RPS three divisions control 
separate and mutually diverse set of three trip 
breakers, which work in 2oo3 voting logic. The 
outputs of those two sets of breakers are ORed to 
generate the final control signal for the control rod 
drives. In the case of the ESFAS functions the two 
lines of protection provide only additional 
redundancy. Their outputs in each division are ORed 
to control the ESF actuators of that division. 
  
Emergency Load Sequencer (ELS) 
Each of the three divisions of the essential power 
supply system (system ZN II) is served by one 
division of the digital three-fold redundant ELS 
system. ELS coordinates shedding of loads, start up 
of diesel-generators, and reenergizing of the safety 
electrical buses needed to support the systems 
actuated by ESFAS, should the system ZN II fail. 
 
Reactor Limitation System (RLS)  
The mission of the digital RLS is to limit the number 
of reactor trips by reducing the reactor power to the 
level, which provides for coping without reactor 
scram with some of the initiating events postulated in 

the plant design basis. Each of the RLS three 
divisions is located in the DRPS cabinet of the same 
division, however being functionally isolated from 
the DRPS. 
 
Reactor Control System (RCS) 
The mission of the three-fold redundant digital RCS 
is: 

• to establish and maintain the balance 
between the power consumed in the 
secondary circuit of a unit and the power 
generated in the primary circuit of this unit, 

• to control normal operating transients and re-
establish steady-state unit operation, 

• to provide the reactor operator with 
monitoring instrumentation that indicates all 
required input and output control parameters 
and the capability of switching to manual 
control of the reactor power. 

The RCS provides for the reactor power control both 
in the base load mode of unit operation as well as for 
the load-follow mode of operation. It is a three-fold 
redundant digital system, which interfaces with the 
RPS (sharing of sensors). 
 
Non-trained Support Actions System (SAS-N) 
The digital SAS-N system generates control signals 
to the non-trained actuators of SAS, ESFAS and RTS, 
to the steam generators isolation actuators, and to the 
Steam Generators Protection System (SGPS). It 
receives data from the three safety networks and 
processes it in two processing units working in 
parallel. Voting logic 1oo2 is applied to their outputs 
to generate control signal for the actuators. Output 
signals from each of the processing units are sent via 
separate hardwired links to the SGPS. 
 
Interface and Data Management System (IDMS) 
IDMS is a digital computer based interface between 
the SPINLINE 3 technology based systems, process 
computer system (PCS), the main control room 
(MCR), and the emergency control room (ECR). It is 
two-fold redundant, i.e. it consists of the identical 
channels A and B. Its main functions are: 

• data transfer from SPINLINE 3 equipment 
for display in the MCR and ECR,  

• data transfer from SPINLINE 3 equipment to 
the PCS, 
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• processing of data acquired from NERVIA 
networks, e.g. reactivity calculation, time-
stamping, 

• performance of diagnostics to support the 
maintenance of the SPINLINE 3 equipment.   

 
 
 
Post-Accident Monitoring System (PAMS) 
PAMS is a digital-computer based display system that 
provides indications of plant variables required by 
control room plant operating personnel during 
accident situations to: 

• take pre-planned manual actions to 
accomplish safe plant shutdown, 

• determine whether the plant safety systems 
and systems important to safety are 
performing satisfactorily, 

• evaluate the integrity of the barriers to 
radioactive release, i.e. the fuel cladding, 
reactor coolant system pressure boundary, 
and the reactor building containment system, 

• evaluate the magnitude of any releases of 
radioactive materials. 

PAMS has been designed to the requirements of the 
NRC RG 1.97. Based upon the importance and 
urgency of the need for the information displayed, the 
system handles three categories of variables, each 
with different display types: 

• the most important variables, i.e. Category 1 
variables as per RG 1.97, are processed by 
three-fold redundant PAMS 1 system and 
displayed on dedicated liquid crystal displays 
(LCD's) – one for each PAMS 1 division, 
located in the MCR and ECR,   

• the less critical variables, i.e. Category 2 
variables as per RG 1.97, which provide 
system operating status are processed by non-
redundant PAMS 2 system. They are 
displayed on dedicated visual display units 
(VDUs), one located in the MCR and one 
located in the ECR,   

• variables that are provided primarily as 
backups to the Category 1 or 2 variables or 
are intended primarily for diagnosis purposes 
are assigned Category 3 as per RG 1.97. 
Category 3 variables are processed and 
displayed on the plant computer system 
VDUs. 

 
Reactor Rod Control System (RRCS) 
RRCS performs two groups of functions: 

• Autonomous functions such as monitoring of 
the control rods positions using the LD-1 
sensors, displaying of the control rods 
positions in the MCR, control of an 
individual control rod upon the operator 
command, and control of a group of control 
rods upon operator command. 

• Functions performed upon commands 
received from another systems such as a 
command from RTS for backup of the reactor 
trip, command from RLS for sequential 
insertion to the core of the individual groups 
of control rods at the nominal speed to 
decrease the reactor power, command from 
RLS for inhibition of the operational rod 
group withdrawal from the core, movement 
of the control rod groups in the prescribed 
sequence in response to the command 
received from the RCS, transmission of data 
on the positions of the individual control rods 
to the IN-CORE system. 

 
The RRCS is a digital technology based system that 
is structured into two levels: 

• The rod drive level, which consists of motor 
control cabinets connected to the control rod 
drives, and control rod position evaluation 
cabinets. 

• The control and information level, which 
consists of individual rod control cabinets, 
rod groups control cabinets, diagnostics 
cabinets, and the operator console. 

 
Steam Generators Protection System (SGPS) 
The mission of this system is to limit large changes of 
the water level in the steam generators during the 
anticipated operational occurrences and accident 
conditions. Its goal is to maintain the mean water 
level in the steam generators within the range 
between –140mm and +100mm from the nominal 
value in order that the following impacts are avoided: 

• reactor power decrease by the RLS, 
• reactor trip by the RTS 
• heat stress on the steam generators in the 

case of water level drop 
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• turbine trip in the case of water level 
increase. 

 
SGPS is a digital technology based system, which 
consists of two identical channels that operate 
independently one from the other and back-up each 
other. They share the same sensors and their outputs 
are voted on using the 1oo2 logic before being 
transmitted to the actuators and signalization lamps. 
Each channels is composed of 6 PLCs (one PLC 
assigned to each steam generator) and one PLC 
common to all six steam generators.  
 
 
Modules M1 and M2 refurbishment project 
licensing process 
As per the provisions of the Czech Republic Atomic 
Act, reconstruction and/or implementation of changes 
in nuclear facilities that affect nuclear safety, 
radiation protection, emergency preparedness and 
security fall into the category of activities for which a 
permission (license) must be granted by the State 
Office for Nuclear Safety (SONS). The Act also 
outlines the contents of the documentation that must 
be submitted to the SONS in support of the 
application for such a license. The documentation 
shall include the following information: 

• description and justification of the planned 
reconstruction or other changes, 

• updating of the documentation that was 
approved by the regulatory authority during 
the nuclear facility commissioning and 
operation, 

• time schedules for implementation of the 
planned reconstruction or other changes, 

• evidence that the reconstruction or other 
changes will not negatively affect nuclear 
safety, radiation protection, emergency 
preparedness and security of the nuclear 
facility. 

Documentation quoted in the second bullet will have 
to be approved by the SONS. It includes, among 
others, the limits and conditions of safe operation 
(plant Tech Specs) and the list of the so-called 
selected equipment (the equipment the quality 
assurance of which shall be governed by the 
provisions of the SONS Regulation No.217).  
 

The “one-step” licensing process to be applied for 
implementation of reconstruction or other changes 
that affect nuclear safety, radiation protection, 
emergency preparedness and security of nuclear 
facilities, as stipulated by the provisions of §9, (1), f) 
of the Atomic Act, was felt to be not quite adequate 
for a large-scope several-stage I&C system 
refurbishment project. Therefore, a project specific 
licensing process has been conceived in several 
rounds of discussions between the plant operator and 
the regulatory body. This process is copying to 
certain extent the licensing process applied to new 
nuclear power plant projects.  
 
More specifically, the licensing process applied in the 
modules M1 and M2 refurbishment project has been 
structured to the following stages. 
 
Stage 1 
 
The objective of this stage was to obtain the 
regulatory body position on the concept of the 
refurbishment project based on the evaluation by 
SONS of the general technical and implementation 
aspects of the project. This stage was broken down 
into two phases: 
 
Phase 1A: 
The safety case of this phase was based on the 
information generated by the conceptual design of the 
refurbishment. The following topics were addressed 
in the documentation submitted to SONS for 
assessment: 

• description and justification of the 
refurbishment project,  

• description of the plant I&C system after 
completion of the refurbishment project, 

• preliminary discussions of the plant Tech 
Specs changes, 

• draft attachment to the list of the selected 
equipment, 

• preliminary time schedules of the 
refurbishment project implementation, 

• evidence on meeting the applicable 
requirements for ensuring nuclear safety at 
the level of detail corresponding to the 
outputs from the conceptual design. 

 
Phase 1B: 
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The safety case of this phase was based on the 
information generated by the next stage of the 
conceptual design that is referred to as the 
preliminary design. The topics addressed in the 
documentation submitted to SONS for assessment 
were the same as those of the phase 1A but the level 
of detail reflected the evolvement of knowledge 
resulting from the next stage of the design. Main 
focus of the phase 1B safety case was on the 
conservative safety analyses results to support the 
intended implementation of some new and modified 
functions of the reactor trip system and the 
engineered safety features actuation system. 
 
Both the conceptual design and the preliminary 
design as well as the safety case documentation were 
worked out by the Czech design company 
Energoprojekt and reviewed by the project team 
members and their consultants. Some outputs of these 
efforts were also used in preparation of the 
documentation that was passed on to the bidders for 
the contract for the refurbishment project 
implementation. 
 
Stage 2 
 
The objective of this stage was to obtain, as per the 
provisions of §9(1)f) of the Atomic Act, the 
permission (license) to implement the refurbishment 
of the plant I&C systems important to safety. The 
safety case of this stage was based on the results of 
the basic design of the refurbished I&C systems 
important to safety performed by the contracted 
suppliers. The documentation submitted to the SONS 
for licensing assessment consisted of: 

• a series of Topical Reports covering the 
following areas: 

 software life cycle planning 
(software quality assurance plan, 
software verification and validation 
plan, software configuration 
management plan, software safety 
analysis plan), 

 equipment qualification (description 
of methodologies to be used in the 
environmental, seismic and 
electromagnetic compatibility 
qualification), 

 system reliability (description of 
methodologies to be used in 
qualitative and quantitative reliability 
analysis of the individual I&C 
systems), 

 architecture of the refurbished 
M1+M2 modules 

 design of the individual I&C systems 
of those modules, 

• attachment to the existing Final Safety 
Analysis Report (evidence that the applicable 
requirements of the design for safety have 
been met were provided here to document 
that the refurbishment would not impair the 
nuclear safety of the plant), 

• update of the limits and conditions of the 
plant safe operation, 

• draft attachment to the list of the selected 
equipment, 

• time schedules of the project implementation. 
 
Stage 3 
 
This stage is also broken down into two phases. 
 
Phase 3A: 
The objective of this phase is to obtain the regulatory 
body position on the implementation aspects of the 
refurbishment project at each individual unit of the 
plant. The safety case is a kind of an update of the 
stage 2 safety case based on the results of the detail 
design of the refurbished I&C systems for each unit. 
It also includes plans for installation, testing and 
commissioning of the refurbished I&C systems 
during individual implementation phases of the 
project at the subject plant unit. Positive position of 
the regulatory authority provides the plant operator 
with a sound basis for giving its consent to the 
commencement of manufacturing of the I&C 
equipment by the vendors. 
 
 
Phase 3B: 
This phase is aimed at obtaining the regulatory body 
consent to the implementation of a specific part of 
the refurbishment which is to be accomplished during 
a particular planned outage of a unit for fuel reload. 
Hence, it is repeated as many times as is the number 
of outages necessary for the completion of the 
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refurbishment at this unit. The safety case is again a 
kind of an update of the previous phase safety case, 
i.e. either the 3A phase or 3B phase safety case, 
which in addition includes: 

• description of the initial and final state of the 
unit I&C system with respect to the actual 
phase of the refurbishment implementation, 

• installation, testing and commissioning plans 
specific to the actual implementation phase 

• updates of the Tech Specs and of the list of 
the selected equipment specific to the actual 
implementation phase, 

• reports on the results of the equipment 
qualification, reliability analyses, and system 
verification and validation activities 
performed at the manufacturer on the systems 
installed during the actual implementation 
phase, 

• evaluation of the quality assurance plan 
fulfillment during manufacturing of the 
equipment to be installed during the actual 
implementation phase. 

 
Stage 4 
 
The objective of this stage is to obtain the SONS 
permission for the reactor start-up after fuel reload as 
per the provisions of §9(1)e) of the Atomic Act, 
which at the same time will include the SONS 
consent to the operation of the refurbished I&C 
systems important to safety installed during the 
current implementation phase. Hence, this phase is 
also repeated as many times as is the number of 
outages necessary for the completion of the 
refurbishment at the subject plant unit. The safety 
case is again a kind of an update of the preceding 
phase 3B safety case, and in addition includes: 

• description of the actual state of the plant 
I&C system after completion of the current 
implementation phase, 

• evidence of the equipment and personnel 
readiness for operation (this will include the 
evaluation of the refurbished I&C system 
installation and pre-operational tests), 

• update of the Tech Specs (if necessary). 
After the completion of the last refurbishment 
implementation phase at a particular unit, the 
outcome of the stage 4 of the licensing process is the 

SONS permission to permanent operation of this 
unit’s refurbished I&C systems important to safety. 
 
The safety case documentation providing evidence 
that the applicable requirements of the design for 
safety have been met in the design and 
implementation of the refurbished I&C systems 
important to safety is required to have the format and 
contents as per the US NRC Regulatory Guide 1.70. 
 
 

Modules M1 and M2 refurbishment project process 

 

 

 

Modules M1 and M2 refurbishment project 
manufacturing, installation and commissioning 
process 

The unit outage dedicated explicitly to the new I&C 
installation brings strong increasing of the 
refurbishment cost. This was the reason for the 
project implementation strategy – i.e. step by step 
installation and commissioning during normal 
operation and standard refueling outages. The site 
activities were splited into four successive outages 
with one year shift between successive units. The 
shift of the second unit has been extended to two 
years for design/manufacturing improvement 
according to the experience gained at the first unit. 
The major part of equipment is installed during the 
third outage and shall be put into parallel open-loop 
operation (i.e. without actuators connected) in the 
course of the following cycle. This method allows the 
new systems validating in real condition of plant 
operation. The strategy of the new systems 
installation at all four units is presented in Figure 4. 
The Figure 5 then shows the installation and 
commissioning strategy for the specific subsystems 
and equipment at the first unit (i.e. Unit No 3). 

The HW manufacturing and SW development 
processes are controlled according to quality plans. 
Both of them (i.e. HW and SW) are screened by 
customer in the thorough auditing process.  

The equipment manufacturing is matched to the 
installation succession. It results in the specific plan 
for the system factory tests, esp. for the final 
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functional testing (interconnected tests) when HW 
and final application SW are tested together. The 
Figure 6 shows the factory tests of the systems 
intended to installation at Unit No3 during this year’s 
(2004) outage. 

 

Present status of the project and future activities 

Refurbishment activities started in 2002 year at Unit 
3. New cable ways were laid down and a half of 
original SOBs equipment was removed to ease 
installation of SPINLINE 3 reactor protection system. 
The project has continued according to plan since 
that time and now almost all new equipment is 
installed. The new process computer replacing former 
IVS Uran is in real operation. The new digital inputs 
and new in-core measuremet system shall be installed 
next outage in 2004. The SPINLINE 3 systems have 
been completed and have been put in parallel 
operation. The feedback from factory and site tests 
results in some SW changes and final version will be 
implemented at the end of 2004. Next year the 
Module 1 shall be completed by the last parts, i.e. by 
the reactor rod control system (RRCS) and by the 
steam generator protection system (SGPS). 
Manufacturing of these parts have been finished and 
final factory tests have been started.  

The plant personnel have passed a main part the 
training and now is engaged in final testing activities. 
A comprehensive program of tests with process 
equipment during commissioning is under 
preparation. 

The next unit, Unit 1, has passed the first outage 
when, the extent of site activities was similar as at 
Unit 3 in 2002. The design of Unit 1 is almost 

complete and manufacturing has started. The first 
installation is planned for the next outage in 
September 2005. 
 

References and Related publications: 

J-M. Palaric, C. Esmenjaud, F. Dalík, J. Rosol: 
Progress made in the SPINLINE 3–based 
refurbishment of the safety I&C at the Dukovany 
VVER 440/213 NPP. 
Proceedings of ICAPP’04, Pittsburgh, USA, June 2004 
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TABLES AND FIGURES 

System Designation 
Safety 

Classification 
according to: 

Old New 

System Name 
IEC 1226 Standard 

Category 

Technology 

HO-1 RTS Reactor Trip System including Trip 
Breakers A SPINLINE 3 

SOB ESFAS Engineered Safety Feature Actuation 
System A SPINLINE 3 

AKNT EX-CORE Ex-core Neutron Flux Measurement 
System, including Neutron sensors A SPINLINE 3 

TOPG 
SOB-N SAS 

Steam Generator Technological Protection 

Support Actions System 
B SPINLINE 3 

ROM 
HO-3, HO-4 RLS Reactor Limitation System B SPINLINE 3 

APS ELS Emergency Load Sequencer (diesel) A SPINLINE 3 

ARM RCS Reactor Control System B SPINLINE 3 

LOPG SGPS Steam Generator Protection System C ZAT 2000 MP 

SORR RRCS Reactor Rod Control System B ZAT PRIMIS 

Now not 
installed 

PAMS Post Accident Monitoring System A FRAMATOME/ 
SAGEM VME 

NB: The systems designed in SPINLINE 3 also include the Interface and Data Management system (IDMS) and the Periodic 
Tester. 

Table 1: Scope and classification of systems assigned to module M1 

 

 

System Designation 
Safety 

Classification 
according to: 

Old New 

System Name 
IEC 1226 Standard 

Category 

Technology 

IVS-URAN PCS Unit process computer system C ZAT 2000 MP 

KVRK In-Core In-Core Measurement System C ZAT 2000 MP 
 

Table 2: Scope and classification of systems assigned to module M2 
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Figure 1. Overall Architecture For Dukovany NPP I&C System Modernization
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Figure 2. Integrated Safety System Module 1 Architecture 

Figure 3. Expanded View of Reactor Protection System (DIS & DRPS) Architecture
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Safety 
Documentation 01/01

Basic Design 05/01

Unit B3 DD S S S L

Unit B1 DD S S S L

Unit B2 DD S S S L

Unit B4 DD S S S E

DD - Detail Design R - Installation within regular outages
 

S : Short outage cca. 1 month, E : Extended outage cca. 1.5 month, L : Long outage cca. 2 month 
 

Figure 4. Installation strategy for the four Dukovany Units 

 
 

 

Figure 5. Installation strategy for Dukovany NPP Unit B3 
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  Hardware   Software 
V 2.0 

(V life cycle) 
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   Interconnected 
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Figure 6: Factory tests of SPINLINE-3 equipment intended to installation at Unit 3 in 2004 year. 
 
 

***** 
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